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THIS PAPER 


--represents an effort of the Society to deliver 
technical data direct from the author to the 
reader with the greatest possible speed. To 
this end, it has had none of the usual editing 
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closing dead line appears on the front cover. 
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ASCE technical papers. For free copies of these 


directions—describing style, content, and for- 
mat—address the Manager, Technical Publica- 
tions, ASCE. 


Reprints from this publication may be made on 
condition that the full title of paper, name of 
author, page reference, and date of publication 
by the Society are given. 


The Society is not responsible for any statement 
made or opinion expressed in its publications. 
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Ann Arbor, Mich., by the American Society of 
Civil Engineers. Editorial and General Offices 
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SYNOPSIS 


This paper is a report on measurements of dead load stresses made on 
certain selected members in the East St. Louis Veterans Memorial Bridge 
over the Mississippi River. The purpose was to study the actual stress dis- 
tributions to be expected in the members of large bridges of modern design 
and construction. The work was performed during the summer of 1949 and 
the winter and fall of 1950, while the bridge was under construction. 

The measured stresses were lower than the computed dead load stress by 
about 1000 psi. Large stresses and stress concentrations were measured 
locally in truss splices. It was found that the Engineers and Contractors had 
been largely successful in eliminating high secondary stresses on the chord 
members near the channel piers. 

Stresses probably due to differential temperature and other erection con- 
ditions were found to be in the neighborhood of 3000 psi, and to exist in both 
horizontal and vertical planes. 
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INVESTIGATION OF THE DEAD LOAD STRESSES IN THE MISSISSIPPI 
RIVER VETERANS MEMORIAL BRIDGE AT EAST ST. LOUIS, ILLINOIS 


A Joint Investigation by Purdue and Northwestern Universities 


In Cooperation with 
Committee on Measurement of Dead Load Stresses 
American Society of Civil Engineers 


Conducted by 


Purdue University Northwestern University 


L. T. Wyly M. B. Lagaard (5) 
R. W. Kluge E. W. Larson, Jr. (6) 
K. H. Lenzen 

L. B. McGammon (4) 


Financially assisted by Research Corporation. 


Introduction 


The construction of the East St. Louis Veterans’ Memorial Bridge offered 
an unusual opportunity to obtain information on the actual stress distribution 
in the members of a large modern highway bridge fabricated and e1 ected un- 
der the best conditions of modern practice. The dead load stresses are about 
75% of the design stress for the large members. The test models are full 
scale. The testing machine is the structure itself. The results should give 
some index to the effectiveness of present procedures in design and construc- 
tion. Because of the importance of information of this type to designing En- 
gineers, and the scarcity of such data members of the staff of Purdue and 
Northwestern Universities proposed a program for measuring the stresses 
in this bridge, and comparing the calculated with the measured stresses at 
several critical sections. The project was financed directly by the two uni- 
versities and Résearch Corporation jointly. It was made possible through the 
generous cooperation of the Bethlehem Steel Co. and of Hazelet and Erdal, 
executive officers of G. A. Maney & Associates, Inc., Engineers in charge of 
the bridge design and construction. 


Description of Bridge 


The new bridge across the Mississippi River connecting St. Louis and East 


(1) Professor of Structural Engineering and Head of Department, Purdue 
University. 

(2) Head of Civil Engineering, University of Florida. Formerly Associate 
Professor of Structural Engineering at Purdue University. 

(3) Research Associate and Instructor of Structural Engineering, Purdue 
University. 

(4) Structural Designer with F. Braun Company, formerly Research Associate 
and Instructor of Structural Engineering, Purdue University. 

(5) Associate Professor and Chairman of Engineering Drawing Department, 
Northwestern University. 

(6) Research Associate and Instructor in Civil Engineering, Northwestern 
University. 
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St. Louis consists of a cantilever structure with a main center span of 364 
feet including a 324 foot suspended span, and two anchor spans of 470 feet 
each. See Fig. 1. The structure provides a 40 foot roadway to carry H-20 
loading. The design and construction of this bridge was conceived and pro- 
moted by the late Professor George A. Maney, M. ASCE, with L. T. Wyly, M. 
ASCE, as principal assistant. The general contractor was Wm. J. Howard, 
Inc. The cantilever structure was fabricated and erected by Bethlehem Steel 
Co. The project has been described briefly by Mr. Craig P. Hazelet, M. 


ASCE™), and by Mr. A. L. R. Sanders, M. ASCE™): 
Purpose 


The purpose of the investigation was to study the following: 


1. The actual dead load stresses at selected sections of the main mem- 
bers entering the lower chord joint above the shoe at the channel pier. 


2. Measurements of the closing of milled butt joints and measurements of 
the stresses in the splice plates for both shop and field splices for some 
main members under dead loads. 


. The efficacy of the practice of attempting to eliminate the secondary 
stresses in the main chords by inducing a reversed bending during con- 
struction. 


. Any stresses which might be residual in the members as a result of 
construction or erection conditions. 


It was desired to ascertain the stress distribution across the member at 
sections free from the local stresses delivered by rivets in gussets and 
splices, and also at sections through the center of the cover plate perforations. 

Computations showed that rather large secondary stresses in the bottom 
chords, approximately 65% of the primary, would be expected to occur in the 
lower chords adjacent to the river piers if no corrective measures were taken. 
An attempt to eliminate these was made by inducing reversed bending through 
the shop and field operations. It was desired to obtain a check on the success 
of this procedure. 

It was also desired to ascertain whether any stresses of appreciable mag- 
nitude were induced in these main members by the erection operations. 


Fabrication and Erection Procedures 


The trusses were cambered to produce geometric outline under full dead 
load. Under this condition the entire bottom chord is a straight level line. 
The lengths of all members were corrected in the shop so as to produce the 
geometric position of the structure in the field under full dead load. Assem- 
bly reaming of the chord splices in the shop was performed with the chords 
in their geometric positions, the web members being shifted accordingly; a 
practice which has been previously adopted on other large structures. During 
erection if the members are now connected in the field at the proper length, 


(a) ‘‘$10,000,000 Toll Bridge Over Mississippi River Financed by East St. 
Louis, Ill.’’, by Craig P. Hazelet, March 1950 Civil Engineering, ASCE. 

(b) ‘‘East St. Louis Veterans Memorial Bridge’’, by A. L. R. Sanders, Sep- 
tember 1952, Volume 78, Separate No. 150 Proceedings of the ASCE. 
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reverse bending is set up, particularly in the lower chord truss members, 
so that theoretically, when the span has been swung and is carrying full dead 
load the members will have no bending stress. 

Erection, starting at the anchor piers and proceeding to the center of the 
main opening, was accomplished by means of a traveller operating at deck 
level. In the anchor spans, four falsework bents only, were used. They were 


located at Ly Ly Ly and Lio: During erection, adjustment to line and level 


was accomplished by the use of wedge jacks located at the base of the steel 
falsework columns, and a short distance above river level. No falsework was 
used in the main span. 

Unequal temperatures of the lower chords during erection created a prob- 
lem. The bridge axis is east and west. During the period of closing the an- 
chor span the lower chords of the south truss were exposed to the sun’s rays 
while those of the north truss were shaded by the adjacent stringers and 
other members. This condition caused the span to warp north out of line in 
a horizontal plane necessitating corrective measures to bring it back into 
line at Lig at the pier. At this stage the falsework bent at Lio was the only 


one in action. Correction was accomplished by lowering the jack situated at 
the bottom of the bent under the south falsework column at Lio» thus producing 


rotation in its own plane of the entire falsework bent about the north jack as 
a pivot. This carried the entire bridge south horizontally and also lowered 
the south truss. 

Another factor permanently affecting the stresses is the erection method 


used in connecting points M,3 and Mis on the anchor and cantilever spans 


respectively to the middle of the main post Urq hyy It is necessary that 


these secondary bracing members be in action as erection proceeds over the 
pier. However, such connecting members will restrain the natural tendency 


of these points M,3 and M5 to deflect downward and away from the pier 


horizontally as erection proceeds. If left as originally connected they would 
cause a permanent redistribution of stress in all members adjacent to the 
pier quite different from the state of stress contemplated by the designer. 
The logical solution would be to cut both bracing members free from the 
main post at Mi, after the structure had been completed and all dead loads 


including the floor slab were in place, thus allowing the structure to deflect 
to its normal position, and freeing the main post from members tending to 
pull it out of line. After the structure had been thus allowed to assume its 
normal position the bracing members could then be permanently re-connected 
to the post at Mj4- Where the main post is too slender to safely carry full 


dead load without any bracing at midpoint during this adjustment, an alterna- 
tive solution, consisting of cutting only one member free and leaving the other 
member permanently connected, is sometimes adopted. This alternative sol- 
ution was used on this structure, the vertical post being cut free from the can- 
tilever span but left permanently connected to the anchor span. 


General Program 
The program of the investigation was primarily a field study. However, 
it was supplemented by a considerable amount of laboratory work to clear up 


problems encountered as the work progressed as well as to calibrate various 


219-4 


| 


instruments used in the tests. In an effort to measure the stresses which 
might develop in the process of erection and due to the application of the dead 
load as the bridge was built, readings were taken at three different stages: 


1. No load; members on skids in the shop. See Fig. 13. 
2. Dead load, steel only, cantilever stage of construction. See Fig. 2. 
3. Full dead load; span swung ready for traffic. See Fig. 1. 


The first series was taken while the fabricated members were resting on 
wooden supports in the shop of the fabricating plant. Because of the massive- 
ness of the members and the method of supporting, with the blocks under the 
points where the test gage lines were located, any bending which occurred 
while supported in the shop was found by computation to be negligible. These 
shop readings were considered as the initial readings. A second set of read- 
ings was taken in the field when the bridge was partially completed (see Fig. 2) 
to determine the strains that had developed and also to substantiate the accura- 
cy of the method of readings that was adopted. Final readings were taken af- 
ter the bridge was completed with the concrete floor in place, but before the 
bridge was open to traffic. 

Readings were taken on the members of both trusses framing into the 
lower joints at pier 10. See Fig. 3. Two of the sections were through splices; 
the others were taken through the perforations in the cover plates. 


Description of Strain Measuring Instruments 


Strain measurements were made with Whittemore type strain gages of 2, 
5, and 10 inch gage lengths. The gages and standard bar are shown in Fig. 4. 
This type of instrument consists of two tubes, one of steel and one of invar, 
one telescoped within the other and articulated through plate fulcrums, each 
carrying a conical point which is inserted in a small hole in the steel mem- 
ber. Movement of these points relative to each other is registered by a linear 
measuring dial indicator, graduated to one tenthousandths of an inch and 
mounted on one tube. There are no Sliding or rotating parts, and no magnifi- 
cation except for the dial indicator. A floating metal case permits one-hand 
operation and serves as a shield to insulate the instrument from the heat of 
the hand. This instrument has the advantage of being equally accurate for 
reading in any position, upside down, sidewise, horizontally or vertically, 
the only requirement being that a reasonably consistant pressure be applied 
by the operator in all positions. 


Special Studies 


The calibration of the Standard Gage dials used on the instruments is 
shown in Fig. 5. The average range of the dial in reading a gage line and 
comparing with the standard bar is about 50 dial divisions, and the maximum 
range encountered is 100 dial divisions. Hence it is evident that errors due 
to the dial may be encountered at any time as large as one division. 

These gages were calibrated with reference to each other by taking read- 
ings on a steel bar under tensile loads, and obtaining a stress-strain curve 
with each gage. Figure 6 shows these curves. The 5 and 10 inch instruments 
showed very good agreement and readings for the 2 inch gage were about 4 
percent lower. 

A check was also made on the effect of temperature on the gages and their 
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standard bars. Readings were taken in a variable temperature room, thermo- 
couples being mounted on both strain gages and standard bars, and both at 
approximately the same temperatures. Fig. 7 shows the effect of a wide 
range of temperature, from 60°F. to -20°F, on the readings. Since in not any 
case in this investigation did the temperature of the gage or the standard bar 
change more than one degree between readings on the standard, it was not 
necessary to make any correction for this relation. 

All strain gage readings in the field were referred to standard bars. Two 
such bars were used for each instrument. One consisted of a section of 
structural silicon steel from the same lot of material as used in the bridge 
itself, with small hardened inserts for the gage holes so as to minimize wear. 
The other bar which was furnished by the manufacturer of the gage consisted 
of mild steel. Each instrument was cross checked with the standard bars at 
frequent intervals during the tests. Each standard bar was calibrated with 
respect to all others. 

Fig. 8 shows the results of a study of the method of measuring steel tem- 
peratures. This study demonstrated that unless a small pad of cotton is 
placed on top of the thermocouple used to measure temperature of the steel, 
the temperature read will be, not that of the steel, but a compromise between 
the temperature of the steel and that of the air. Accordingly the cotton pad 
on all thermo-couple installations was adopted. 


Location of Gage Lines 


The make-up of the members at the sections studied and the location of 
the gage lines is shown in Fig. 9 and Fig. 10. 


Testing Procedure 


The most difficult problem in the project is undoubtedly the securing of 
satisfactory holes. This is particularly difficult in silicon steel which is 
quite hard in spots. Errors in readings will obviously result: if the surface 

of the metal is not perfectly smooth and flat, if the surface of the metal and 

the axis of the hole are not normal to each other, if the holes are not truly 

circular, if the holes are too shallow, or if the axes of the two holes are not 

parallel. 

Strain readings were obtained by three parties, made up of two men in ° 
each party, each man acting alternately as observer and recorder. In addi- 
tion one or more assistants obtained thermocouple readings. 

Each man took two or more complete sets of readings at a given section. 
These readings, to be acceptable, were required to check to a tolerance of 
plus or minus one division on the gage dial. All readings were taken ‘‘blind’’ 
so that it was impossible for the observer to remember a previous reading. 
All readings were referred to the standard bar, and the standard was read 
before and after a given short series extending over only a few minutes. 

In order to obtain an additional check each 10 inch gage line was divided 
into two 5 inch gage lines, the strains measured in the latter two serving to 
check the strain obtained in the other. Thus, in effect there were four inde- 
pendent checks on the strain observation. 

To minimize temperature errors all shop readings were taken under cover 
and only on cloudy days, or at night. All field readings were taken at night. 
Temperatures of the air, standard bars, and of the steel in the members were 
taken by thermocouples and a continuous record kept during the strain reading 
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periods. 

A typical field record showing the difference between the temperature of 
the steel gage line and the standard bar is shown in Fig. 11. Since one degree 
F difference in temperature will give the same strain as 200 psi, it was de- 
cided that corrections for temperature would not be made for less than one 
degree. The maximum difference in temperature recorded between the stand- 
ard bar and the steel was 2 degrees F, and this occurred only in a very few 
cases. This favorable temperature situation was probably due to the fact 
that readings were taken at night. 

Fig. 12 is a general view of the bridge members in the shop, and shows 
the operations of drilling the gage points. Fig. 13 shows the taking of pre- 
liminary initial readings. This photo gives an idea of the size of the mem- 
bers. It will be noted that they are large enough to permit the observer to go 
inside and take readings on the inside as well as the outside of the sections. 
Fig. 14 shows a closeup of the lower chord and staging. The regular perfora- 
tions are 10 inches wide and 20 inches long. The reinforced perforations 
near panel points are 12 inches wide and 24 inches long. Fig. 15 shows the 
taking of readings on the bridge in the field. 


Probable Errors in Readings 


Probably the most common cause of error in readings by mechanical gages 
is poor gage holes. The silicon steel of which the bridge members were made 
is quite hard, particularly in certain spots, and it was not always possible to 
get perfect holes. In some cases holes were redrilled. Even so, a few of the 
holes were found to be unsatisfactory, and this fact was noted in the records 
and readings as these holes were discarded. 

Considering all probable sources of error, it is believed that the readings 
reported are not in error more than plus or minus 1,000 psi and that in most 
cases the error does not exceed half of this figure. 


Test Results -- Measured Strains and Stresses 


Fig. 16 illustrates how the final stresses were computed from the field 
record sheets. The readings on the upper half are by one observer and those 
in the lower half by another. 

The measured stresses for both cantilever stage of construction and for 
final full dead load stage are shown for all truss members studied in Fig. 17 
to 26 inclusive. The measured movements of closing of the shop riveted butt 
joints in chords L, a L, 4 are shown for the cantilever stage of construction 


in Fig. 27. Comparisons of the measured and computed bending stresses in 
the vertical planes are given in Fig. 28 and 29 for the cantilever and final 
stages respectively. Measured bending stresses in the horizontal plane are 
also given. 

The detailed figures for the average measured unit stresses at all gage 
lines at Section 15 of member L, “* Lis for the cantilever stage of loading 


are given in Fig. 17. The stresses are also plotted to scale. In all other 
cases the stresses are plotted to scale but the detailed readings are not 
given. E has been taken as 30,000,000 psi. 

Since the sections studied are far enough from the truss panel points to be 
free from the local stress raising effects of the rivets in the gussets and 
splices, it is to be expected that the stress distribution across the members 
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would be rather planer. So far as the main sections are concerned, i.e., the 
four angles and the main web plates, this is found to be true in some cases 
and not in others. The cover plates obviously tend to act more or less inde- 
pendently of the rest of the member, i.e., the average stress in the cover 
plate is induced by the stress in the main angles to which it is connected, but 
the cover tends to act like any other plate with a series of perforations down 
its center except in so far as it is restrained by the flange angles. Hence it 
has seemed logical to consider the ‘‘average measured unit stress’’ shown 
below the figures to be the average of the stress at the four corners of the 
section and the stress at each corner has been taken as the average of the 
readings on the edges of the two webs at that corner. The ‘‘measured unit 
bending stress’’ in the vertical plane has been accordingly considered to be 
the difference between the above ‘‘average measured unit stress’’ and the 
average of the measured unit stresses at the top corners of the webs or at 
the bottom corners of the webs. Similarly the ‘‘measured unit bending stress’’ 
in the horizontal plane has been taken as the difference between the above 
‘‘average measured unit stress’’ and the average of the measured unit stress- 
es at the two corners of the webs on the north side of the member or on the 
south side of the member. 

The following information is shown in Fig. 30 for section 14, member 
137 Lig south truss for the full dead load stage. 


1. Measured unit stresses at all gage lines. 


L 


2. Average measured unit stresses at the four corners of the webs and 
on central planes. 


3. Measured unit bending stresses in both vertical and horizontal planes. 


4. Computations of the ratios of the stress at the inside of cover plate 
perforations to the figure obtained by interpolation between the mea- 
sured stresses in the adjacent web plates. 


In Fig. 27 are plotted stresses measured in the webs and also the total 
movement together of the 2 inch gage line holes on either side of the butt 
joint measured on the inside of the member. This movement is composed in 
part of the strain in the main material but mostly it is due to the closing up 
of the contact bearing surfaces of the milled joint. 


Interpretation of Test Results 


The average measured unit stresses are generally smaller than the com- 
puted stress P/A for the design dead loads by about 1 ksi. In no case are 
the average measured unit stresses higher than the above design dead load 
P/A. This indicates that the value of the dead loads assumed by the designers 
was probably high. 

The typical perforations used in these members are 10 inches wide, 20 
inches long, and are spaced about 47 to 50 inches c-c. Stresses were mea- 
sured at these typical perforations at Section 15, in member Lig - Lis and 


at Section 14 in member M13 - Lig The highest measured stress on the in- 


side of such a perforation was at Section 15 of the north truss was 22.2 kips 
per square inch. This was twice the average measured unit stress for the 
member at this section. A more representative relation would probably be 
the ratio between this stress at the inside of the perforation and the value 
obtained by interpolating between the measured stresses at the adjacent webs. 
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Such ratios, designated r in this paper, have been computed for all of the 
measured stresses at the insides of the perforations and are shown in the 
figures. These ratios so computed vary from about 1.4 to 1.6 for Section 15. 

A plate having a single elliptical perforation of the proportions used here, 
with supported edges and carrying an axial load would be expected to show a 
somewhat higher stress at the inside of the perforation compared to the axial 
stress. Two factors act here to reduce this stress concentration: 


1. The perforations are spaced fairly closely together, which means that 
the section of the plate in line with the perforations and located between 
them will carry a low stress, which in turn reduces the stress at the 
sides of the perforations. A direct measurement of this action was ob- 
tained by the Research staff of the Association of American Railroads 
in their measurements on the Sante Fe Railroad Bridge at Topock, Ari- 
zona. Increasing the distance between perforations would probably 
result in raising the stress in the cover plate at the inside of the per- 
forations. 


2. The cover plate is riveted to the main angles of the chord and these 
restrain the elastic yielding of the cover plate at the sides. However, 
it should be noted that the edge distance of the cover plate from the 
rivet line is 3 inches which puts the rivet line near the neutral axis of 
the strip of cover plate outside the perforation for bending in a hori- 
zontal plane. The consequence of this is that the stress at the outside 
of the cover plate through the perforations is frequently very different 
from that in the main webs adjacent. Reducing this edge distance 
would probably result in reducing the stress in the cover plate at the 
inside of the hole. 


It is to be noted that the highest stress occurs in the plate at Section 15, 
Fig. 18 which is taken at a typical perforation. It should also be noted that 
the reinforcing bars added to the cover plate at the sides of the perforations 
are apparently under riveted, since most of them show a lower stress than 
the plate they are intended to support. 

The measurements indicate the stress to be nearly planer at Section 13 
and 15 of the north truss and at Sections 14 of Li3 - Lig and Li, - Lis and 


at Section 15 of the south truss. At the other sections the members appear to 
have undergone some warping. It should be noted that stresses were niea- 
sured at the middle of the width of the vertical webs, i.e., at points Wor Wy on 


the outside and at Wa and a at the inside of the webs for both Sections 14 of 


the lower chords. See Fig. 9. These measurements show a stress distribu- 
tion in each web nearly planar across the width of the plate, i.e., across the 
vertical face. 

If the stress distribution across the member had been measured at sec- 
tions adjacent to the gussets or splice plates, it is highly probable that it 
would have been found to show high local stress concentration from the rivet 
loads delivered to the member by the gusset or splice plates. 

In Fig. 27 are plotted measurements taken at the shop riveted splice at 
Section 14S in the lower chord. This splice was designed to carry 50 percent 
of the stress in the chord, the other 50 percent to be taken in bearing at the 
milled joint surfaces. In the vertical planes splice plates were provided both 


3.Will be published in AREA Proceedings, Vol. 55, 1954. 
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inside and outside of each main web or rib section. In the horizontal planes 
splice plates were placed on the outside surfaces only. It was thus possible 
to take readings on 2 inch gage lines located at 90 degrees to the plane of the 
milled joint and centered on it, on the horizontal legs of the main angles and 
on the inside faces of the top and bottom cover plates, See Fig. 10. The read- 
ings on these gage lines inside the member at this splice were then a measure 
of the movement of the contact surfaces of the material closer towards each 
other, plus any shortening of the material due to stress change. Readings on 
the 2 inch gage lines located at 90 degrees to the plane of the milled joint 

and centered on it on the outside splice plates, in both horizontal and vertical 
planes, were a measure of the shortening of these plates due to stress. 

In the opinion of the authors the measurements plotted in the horizontal 
inside planes in Fig. 27 represent mostly movement of the contact surfaces 
closer to each other, while the measurements plotted on all outside planes 
represent strains and stresses in the outside splice plates. It will be noted 
that both of these readings have been plotted to the same equivalent scale. 

The following observations are noteworthy: 


1. The measurements show a closing up of the joints to a magnitude of 
about .01 inch at the north top corner of the south truss chord and 
somewhat less at the same corner of the north truss chord. See Fig. 

27. 


. For both truss splices little or no stress is measured in the horizontal 
splice plates placed outside the butt joint. For the north truss splice 

a reasonable stress is measured in the north outside splice plates, but 
for the south truss splice the measured unit stress in the north outside 
plates runs to the neighborhood of the elastic limit of the material: 
also the stress variation across the width of the splice plates in the 
vertical plane is large. In both trusses little or no stress is measured 
in the outside south plates. 


3. Measurements taken at these shop splices at the full dead load stage 
show no appreciable change in readings over the cantilever stage read- 
ings. This data has not been shown in this paper. It would seem to in- 
dicate that the joint has been pretty much closed up on all four sides. 


The explanation of the circumstances just mentioned is quite possibly the 

following: 

1. The south web plates and bottom cover plates of each truss chord were 
brought into contact bearing during shop riveting, particularly at the 
top, but the north web plates and the top cover plates at the north sides 
were not brought into full contact bearing at this time. 


2. During the loading for the cantilever stage the butt joint closed to full 
bearing and thereafter little stress would be added to splice plates. 


3. The absence of stress in the top and bottom outside splice plates is per- 
haps due to rivet slip. The grip of these rivets is short. 

4. The presence of high stress in the north side plates could be due to the 
fact that the rivets came to bear after initial slip, as the joint closed 
up and held. These rivets have a fairly long grip. 

5. The greater stress in the splice plates of the south truss may easily be 
due to the fact that the amount of movement measured in closing the 
joint is greater than in the north truss. 
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The implications of these measurements on the riveted shop butt joint de- 
signed to carry a considerable part of the load in direct bearing are: 


1. If the material is not in complete and full bearing at the time of riveting 
(a condition not easily secured) slip of the rivets and serious readjust- 
ment of the stress distribution among the elements of the splice is like- 
ly to occur at an early stage of loading. 


. The material in such a connection is likely to be stressed to above the 
elastic limit at any time, depending entirely upon the fit of metal in the 
original connection and the load later placed on the joint. 


Complete sets of readings were taken on the gage lines of the field splice 


at Section 14S of member Mi4 - Li, at all stages of construction. See Fig. 


10. Here also all readings were checked by a second two-man party, and 
close agreement was found between the results by all observers at a given 
stage. In this case also, readings were taken on the outside of the splice 
plates. All measured stresses were in tension and some were in the elastic 
limit region. The explanation appears to be as follows: 


1. Initial readings in the shop were taken when the splice plates were 
riveted to the Li, joint only. 


. A large part of the dead load stress was placed on the joint in the field, 
bringing contact surfaces to firm bearing, before the field riveting was 
done. Therefore only a very small amount of compressive deformation 
would be caused in the splice plates by additional load in the vertical 

. All splice plates at the joint may have been bent outwards, perhaps by 
the shop riveting, perhaps by accident, prior to taking of initial read- 
ings. The pulling of these plates into tight contact with the vertical 
during field riveting could then produce a large tensile stress on the 
outside faces of the plates. 


. It seems probable that the heavy clamping of hot driven rivets may set 
up very large stresses in the material adjacent to the rivets. 


The implication of these measurements is again that detail material is 
likely to be stressed very highly locally. 


Several construction operations may be expected to affect the final dead 
load stresses in the structure. During erection the structure was held closely 
to proper level and alignment. As has been noted above it was the intention 
to induce reverse bending in the lower chord truss members adjacent to the 
channel pier to neutralize the secondary stresses due to dead load. To ac- 
complish this the proper web members had been shortened in length so that 
the chords would be pulled up in erection. 

Two other construction operations, both discussed earlier in this paper, 


may be expected to affect the final dead load stresses in some of the members. 


The first is the cutting loose of the bracing member Mi, - M,5 from the post 


U, “a? L, 4 at M, 4° The second is the manner of closing the anchor span at 


the channel pier when unequai temperatures obtained in the lower chords of 
the north and south trusses. 

The degree of success attained in all of these operations may be clearly 
seen in the stresses found to be residual in the structure at its completion. 
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In Fig. 28 are plotted the following: 


1. Computed bending stresses in a vertical plane due to dead load secon- 
dary stresses at the cantilever stage, including the effect of cutting 


Mi, Mis loose from 


2. Measured unit bending stresses in the vertical plane at the sections 
under study. 

3. Measured unit bending stresses in the horizontal plane for the lower 

chord members. 

In Fig. 29 are plotted the same stresses for the final full dead load stage 


of construction. The effect upon the secondary stresses of such large truss 
joints as that at L, 4 of this bridge is considerable. This effect was taken 


into account by a rational and expeditious method of analysis recently pre- 
sented and checked against measured stresses for a large bridge by two of 


the authors.“ 
The following comments are pertinent: 


1. Computed secondary stresses at the edge of L, 4 gusset are about 9.3 


ksi or 72 percent of the computed dead load P/A stress on the river 
side and about 6.6 ksi or 55 percent of the computed dead load P/A 
stress on the shore side. These include the effect of the brace M3 - 


2. The attempt to avoid the high secondary stresses in the lower chords 
was completely successful for Li3 - Li, in the north truss and for 

Li, - Lis in the south truss. In Li3 - Li4 for the south truss at Sec- 

tion 14 the bending stress was reduced to about 2.7 ksi or 23 percent of 

the P/A stress. In Li4 - Lis the bending stress was reduced to a neg- 


in pulling Ui, - Lig out of line towards the shore. 


ligible value at Section 14 and reached a value of 3.4 ksi or 26 percent 
of P/A at Section 15. 


3. In two cases the residual bending stresses are opposite in sign to the 
computed secondary stresses, suggesting that correction was carried 
a little beyond the intended value. 


4. The marked out of plane variation of stress in members Mj3 - Lig at 


Sections 14 could be brought about during riveting if all pins and bolts 
were removed from one side of the member while it was carrying sub- 
stantial stress. 


. The influence of the rotation counter clockwise of joint L, 4 due to the 
pull of Mi, 


pattern for all members entering this joint. If this brace could be cut 
free and then reconnected a still better stress condition would result. 


. The lower chord bending stresses in the horizontal plane of 3.1 ksi for 


on the vertical is clearly seen in the measured stress 


4 ‘‘Rigid Frame Analysis for Members of Variable Moment of Inertia’’, Parts 
1, 2, by L. T. Wyly and K. H. Lenzen. AREA Bulletin 502, June-July 1952, 
pp. 1-64 incl. 
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Li3 - Li4 at Section 14 on the north truss and of slightly less stress 


in the other members may be due to difficulties with unequal tempera- 
ture conditions. They may also be due in part to slippage in the plates 
in the splices on either side of the truss joint Lig 


Conclusions 


It seems to the authors that the following conclusions are warranted by 
the results of their investigations: 


1. When properly conducted, dead load stress measurements made under 
field conditions are entirely reliable and trustworthy. Errors as large 
as 1000 psi should be expected however. 


. It will be desirable to study further the action of perforated cover plate 
columns, particularly for ultimate loads. 


. It should be rec ognized that in joints carrying load partly by riveted 
splice plates and partly by milled joints in bearing differential local 
slippage is likely to occur and the splice plates are likely to be stress- 
ed into and perhaps above the yield stress range. 


. It is entirely practicable and possible to reduce the dead load secon 
dary bending in the plane of the trusses by changing the lengths of the 
members, but unless unusual precautions are taken and high grade su- 
pervision provided there is no assurance that success will attend the 
effort. 


. Bending in the horizontal plane due perhaps to conditions of tempera- 
ture during erection may be expected to exist to the extent of about 25 
percent of the axial dead load stress. 


. Where fabrication and erection processes do not attain the standards 
used on this job the bending stresses in both planes will probably be 
considerably larger. 
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Fig. 2 -- Structure at Cantilever Stage 


219-16 


. Fig. 1 -- Aerial View of Bridge or 
: 
“ 
» 
= 


PIER 10 


SECTIONS INVESTIGATED 


Fig. 3 


219-17 


x 

2 
‘Sa 

~ 
| 
bad | 
' 
\ 
\ \ 

wy 
i \ 
\ 
| 

\ 

| \ 

| 

x 

= 


a 
Fig. 4 -- Whittmore Strain we 


DIVISION ERROR 


+ 

| _| 

Oo 100 200 300 400 500 600 700 600 900 1000 i100 


DIAL READINGS IN DIVISIONS 
ONE DIVISION® 0001" 


PRATT AND WHITNEY STANDARD MEASURING MACHINE USED 
APRIL 22, 195! 


Fig. 5 -- Calibration of Dial Indicator 
219-18 


\y 
+9 | 
40% © 
| 
| 
| 
| 
j 
« 
| 


OO 8 “Sq 


10058 


“owe oF 


sey, 


3 


HO 


2 
2 
= 
3 


008 000 oot 


40 193453 


Beve 


Bove 


‘08 


: 
ES 
| 
| 
| 
bb 
ic 3 
& — - Ne 
“43, 
as 
4 
} 
© 
2 
1 t = 3 
| 
| 
— 
4 
219-19 


a 


g¢ Bi! 
OS 21-21 82 
00 
oo 9¢ 
92122 


ubs 90 #9! 
oo 9 
os ¢2 
00 02 

00 82 
00 82 


UO UOTIBIOT a3eyH -- 6 


u | w fue 
ui bs 96°09) 
4 OS 
Box % 22 gaz 2 00°02 
fid2 OG 21-21 82 
4 $ 0082 
WexSxS ge © vr e2 
30 NOILD3S 
uibs 
% x @ vy 92 
%,22 ? O0'Si-21 82 
Wer 92% 4 | 00 82 
z ° 
qa 


Aompooy % 


x? 

x 
x9! 

x 
We 192 


id 


ad2 
dt 

gi? 


coanovv 


@ = 


30 Si NOILI3S 


| we fue 
Lit 
| = 
| 
o 
fe 


40 NOILI3S 
30 NOILIIS 


‘a7 


6 
9 
4 
z ° 
q 2? 


909 


Kompooy 


4S 4309 OL 


WS OL 


219-20 


| 
~wonwom 


To Roodway 


To East St Louis 


Toward Lia L. Toward Mi4 
SECTION OF LI4-MI4 SECTION OF LI3-LI4 


€ GAGE HOLES 


Fig. 10 -- Gage Line Location at Splices 


GAGE LINE LAYOUT 


GAUGE LINE— | — — NO.O-STANDARD BAR 


TEMPERTURE 


21 
HOURS NAVAL TIME 


OCTOBER 15,'950 LAGAARD & LARSON 


FIELD THERMOCOUPLE TEMPERTURE READINGS 


7 
| = a 
: ec | 
Dp sain ea Dv 
cq | ci mi | t 
& w Du 
tiv ho Ds 
HID 4 5 6 3 | 
19° 
5 5 
i 
| 
& LI3-LI4 | 
SEC.13 
68 | i 
219-21 
: 


Figure 13 
Taking Initial Shop Readings 


219-22 


Figure 12 
ett Drilling Gage Holes in Members in Shop ig 


219-23 
Be 


| 
— 
t+?) 
jee) 
a 
i=] 
is] 


» d 
# Figure 15 é 
219-24 


WwW 
WwW 
= 
> 
2 
= 
Ww 
Ww 
S 
fo) 
WwW 
o 
2 
§ 
= 


COMPUTER BHATT SJ 


CHECKER WYLY 
FULL DEAD LOAD 


MEMBER LI4-LI5 
SECTION 


SPAN CANTILEVER 


| 


TRES 


STRAIN 


AV. -16 730 


AV. -12240 


DATE 5-19-5i 


FROM FIELD RECORD AND ARE AVERAGE 


ALL READINGS ARE TAKEN 
DIFFERENCES BETWEEN REFERENCE BAR AND GAGE LINE 


z _| - 708 | -e93 | -185 |000370|-11 100] 990 | 282 | |- 16 920) 
10 | -151 | -s69 | -418 |000418|-12 540] 700 | — 549 | 470) Wee 
|S | +se7 | +377 | 1000420}-12 600} — 275 | S00 
| 10 | ~152 | -se0 | -428 |000428|-12 640] 691 | — 539 |-16 170) a 
Fig. 16 
219-25 a 
& 
f 


U3d 


OS 
wos 


3NV1d IWINOZINOH Ni NIOS Sain 18) IWAINOZMOH NI 

NI NIOS 83d 982 INV1d NI 
S$S3uiS SONION3S LINN SS3¥1S LINN 
SS3uiS LINN Q3UNSV3N Sdix 189 SS3¥1S LINN 
W/d $S38¥1S NIOS SO6 SS3¥iS 
ssous NIOS 9909! vV3uv ssouwd 


NOILVYO 48 3d > NO NO!IL93S vivo > NO NOIL93S 
HLNOS 


“SI'I-PI'T UT GI ye SaSSaI}g PLOT -- LI 


| 
382 So 
on 
t % 3 
\ 
% 
/ of 
\ \ ° A we 
\ 
% \ | 
\ 
%, —— \ \ 
219-26 


WIOS 


WIOS 
Wi OS 
wios 


902 


99091 


*STT- 


INV 1d WLNOZINOH NI 

NI 
SS3¥1S ONION3G LINN 
SS3¥1S LINN 
Wd 
v3uv ssoud 


ssnu} HLNOS 


WIOS 3d 
WI OS 


MOS 
NI OS 
wos 


JNV1d Ni 

NI 
ONIONIE LINN 
SS3¥1S LINN 
v3auv ssous 


9 NO NOILO3S 
ssnu| HLYON 


901 
95 098 


Slaquiayy Ul GI UOT}Iag ye peOoT TINY -- 


| \ [ae 
of 
ow 
\A_#& 
oe % a 
/ 
t \ 
V\% 
219-27 
pe. 


43d 2 3NV1d WLNOZINOH N NIOS 3NV1d NI 
NIOS 43d O09! NI NIOS 43d OOF NI 
SS3¥1S ONION38 LINN SS3U1S ONION3E LINN q 
NI OS 43d 608 SS3¥1S LINN NI OS 128 SS3ULS LINN 
90 v3uv ssous NOS 90'%9! vauv ssouo 
NO NOILOIS vivo NOILVYOIN3d NO NOILO3S ‘vivo 
we 
1 


: 
ox 
o he 
J 
7 : 
2 
° 
% 2% | 
219-2 


‘NI OS Sain 
‘NI OS Salm 


‘NI OS U3d Sain 
Sain 
‘NI OS 


oro NI ‘NI OS Sain 
SNIONZS LINN 

2) SS3UiS LINN OS Say 

Wd ‘NI OS Sein 

90' v9! vauyv ssoud NI OS 


NO NOILDIS viva 
HLNOS 


Bo Wi 
at 1d WI 
ONION3@ LINN 
SS3u1S LINN G3UNSV3IN 
2! Wd SS3uiS 
90 #9! vauv ssoud 
NO NOILO3S :Wivo 


ssnuj 


Ul PI peoT peaq -- 02 “314 


f 


/ \N o* 
\ 
J\N 
% \ A 
% 
219-29 


WI OS 
wi OS 


NIOS Mad 
wos 


LINN O3NNSV3IN 


v3uv ssoud we Os 


ssnul 


HLNOS 


902 NI 
NI 
SS3¥iS ONIGNIG LINN 
wet SS3¥1S LINN 
Wd 
eter ssoud 


HLYON 


W Siaquiay UT PI je -- 


‘ 
po 
SA 
| YY 
° 
a 
MW 

Ls 
&A 
219-30 


wi OS w3d Sain 2E! 1d NI NI OS O08! 
WI OS NI OS Saiw SLs Wd $$3uiS 


HLNOS ssnuj HLYON 


Ul PT ye peoT peed TIN -- “3A 


\ 
NS: 
& 
p 
4 
Od 
= 
ox? 4 
fe 
Wa 
+ 
ed 
219-31 
1 


NI OS INV 1d NI 
NI OS WOLYZA Ni 
SS38¥1S ONIONS LINN O3NNSV3IN 
NI OS OL 2 SS3¥LS LINN 
NI OS 83d Wd 


Ni OS 0029! v3uv ssoud 
NOILVHOIN3d NO NOILD3S vivo 
ssn¥ HLNOS 


‘NI OS 
‘NI OS Sai» 


‘NI OS 
‘NI OS 


NI OS 


IWANOZIBOH NI 
220 INV Id NI 
$S381S LINN O3NNSV3IW 
Vid SS3¥1S 
00291 v3uv ssoud 


NOILYVYOINId NO NOUWDIS 


| In\ \ 
A 
/ \ \ of% 
: 
\ 
2% 
219-32 
is 


Wi OS Sau 3NV 1d NI WIDS Sa 1d NI 
ONIONZS LINN SS3¥1S SOMONE LINN 
wos 00 2491 NOS ssow 


NOLLWHOIN3d NO NOILD3S Vivo NO NOLLD3S : viva 
ssnuj HLNON 
UI PI UOTJIAgG SaSSaI}g peoT pesd TINT -- 


/ 
oft 
fo) a 
t 
AON 
ore 


NI OS 
NI OS 83d 


Ni OS Salt 


‘NI OS 


NI OS 


96! TWANOZIMOH NI NI OS 3NV1d Ni 
$zo 3NV1d NI ‘NI OS OGO Ni 
SS3U1S ONION3S LINN O3UNSV3IN SS3¥1S ONIONIE LINN O3NNSV3IN 
6'8 SS381S LIN OZENSV3IN Ni OS SS3¥LS LINN 
Wd SS3YULS NI OS #18 W/d 
00291 V3uv ssoud wi 0S 0029 v3uv ssoud 


NOILVYOIN3d NO NOILO3S 


NOILVYOIH3d NO NOILD3S 
HLNOS 


HLYON 


219-34 


/ \ 
eit 
oft 
2% \A** : 
% 
= o 
/ \ 4 
/ 
SRE \ / 
/ 
a 
>, 
|. 


UT ET peoT peed ~~ 92 “Std 


INV1d NI 


OS U3d Sain 92! 
‘NI OS U3d 260 


anv 


Wd 


‘NI OS U3d O81! 


Vd NI 
LINN 


v3uv ssoud 


NOILVYOIN3d NO NOILO3IS 


HLNOS 


‘wi OS wad 
‘wi OS wad 


‘NI OS 
‘NI OS 


wos 


ae! 

SNIONZE 
Ol SS3uiS LINN 
os Ws 
00°29! vauv ssoud 


NO NONLOIS ViVG 
ssnu| 


% 

\ 
219-35 


"PIT-E1T SPI 
doys Ul Sassatjg pue JUTOL JO ZuISOTD “peoT -- LZ 
HLNOS 


A 


6-3 WM a2 


40 TNE 


\ 
| \e 
: 
\ R %\* 
NS y/ 
> \ (6) 6) ad 
°. 
2, 
| 
j 
; 
A IK te oe 
aN 3° 
*% 
219-36 


MEASWFED COMPUTED SECONDARY STRESSES 
CANTWEVER STAGE 
COMPUTED VALUES SHOWN ON GRAPH 


WORTH TRUSS o 
MULES Sout TRUSS 


TENSION STRESS PLOTTED 


SECONDARY «STRESSES PLANE OF LOWER CHORDS 


Fig. 28 -- Comparison Between Measured and Computed 
Bending Stresses at Cantilever Stage of Con- 
struction. 
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Fig. 29 -- Comparison Between Measured and Computed 
Bending Stresses at Final Full Load Stage. 
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